MODULAR FILM SENSORS W.TH RECORD MEMORY FOR 
A MODULAR AUTOMATED DIAGNOSTIC APPARATUS 
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Serin, No. 09/350,055 filed July 8, 1999 by Vijay Mathur e. nl. for A MODULAR 
SENSOR SYSTEM FOR A MODULAR AUTOMATED DIAGNOSTIC 
APPARATUS, since nlloweo as U.S. Paten. No. 6,289,751 ; and to U.S. Patent 
Application Serial No. 09/350,054 filed July 8, ,999 by Vijay Matot et al. for A 



REAGENT POUCH FOR USE IN A MODULAR AUTOMATED DIAGNOSTIC 
APPARATUS, since allowed as U.S. Patent No. 6,178,832. 

FIELD OF THE INVENTION 
• ntinn is related to an automated diagnostic analyzer and, in 

with a record memory for storing use life information. 

BACKGROUND OF THE INVENTION 

- . fl nrf freauently required diagnostic analysis, such as may be 
03 An important and frequently req ^ 

..utar debris suchaswholeblood,plasmaorserum,orotherb 1 olog 1 calt 1 
cellular debris, sucn T h ea nalvsis of biological samples 

the term fluid includes both liquids and gases. The analysts B 

n . Hehris saves valuable time in reaching a diagnosis and 
containingcellsorcellulardebnssavesva uWgpBBf 

treatment by eliminating the separatum step, winch can 
• *• » n A educes the cost of each analysis. 

04 Amajorproo r kthe delivery of the samples from a sample 

-.——7 ,ta r«iti-^-**— *• 
==£™r: sr. 
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residual films from previous samples m unstable, depending p 
of the samples and the composition of the residual films. 



deaningsoMon.andAewas.cp^resuU.ngfromclean.ng 



f* itself, for storing 
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and "dead" spaces that top residues or residual films that may contaminate other fl 
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, tU comn i f>< - ,o be analyzed into the apparatus 

a. differences in the paths can introduce sysiema 
substantial y the same, the ditterences ui u f 

samnles This problem is compounded where mumpie 
capabilityofswitchingamongthecahbranteswithou 

t;^P heina less accessible for cleaning, 
while at the same time, being lei* 

^av^ofwes and stoorsample cups and 
apparatus more complex tor the 



11 tepteve» t ,e^efeo m oe,<c,he* passes. W — * 
J e tomanufecture, ^ *»« - fte|uc " t — ^ ^ 

conwinate a subsequent fluid or sample. 

^oul.yaric.mplexi.yof^op^uonaandaedona^redofauser.* 
!lIw W c hn a yt . t e 8 a I dedas,a K o t «-i S sua S .0„e ero upo f «h,ssu=d 

whichausea.ayuseu.eapp^.aa.oana.yaeasaruple.Foaexa.ple.a.dasd^ 
lie uaeuseeahou^aMe.opre^sarup.es.Chaappara.usu.naa.ane.y f 

Ldesenbed.ha.d.ea.^devieesofd.epdoraa.ger^.y^aua.^ 

the eas=o I d,ff,c» to ofsupp.y i n g ,heap P «usw il h re a g eu,sa„ddean,„ 8 r 

a iff e reM ,es B oen,u,„p,e,es« S a,u n esa m e tim eo, 1 oadd, n80 ewa^ys, S »so tS . I us 
preferable aha, to a PP »aa.us be modular «o the grea« possible extent 



reservoirs are sometimes combined into a unit known as a reagent or fluids pack. ^ 

^redinaddition.omereplacoablere.genrp.k.Theeltmrnationofextema 
caitattongas-sandtheincorporationortheCibretion gases into ,4. «-*- 

^^^ibretutg.oWonausedm.he^a^co.ibredons.tnc^gfte 

JL fot gas sensors, isthereby advanageous. Notonly „o,d such a ^en, p. 
bemorecon.emenrinrba.areagentpackmaysimplybereplacedasneccssa^.butme 

apparatus could be more portable. 

an.Pads^^reJor^c.ibrarionfl^usedi.^-o^ waflrflrc 
..asnrementofbic.dgasesconoaincareMiycoicoi.tedconcen.renoosofg^.nese 

con.inerem.tmereforepre.en.d-eescapeorabsorp.ionofg.sesfor.xtended 

period* inciudtug an nnknown sho,f storage „me and .rave, rime. This reourremen, 
Lnmorestnngentwbcnmopacks.rere^edtob.smppednndercondtttons.-as 

air freight, where the externa! atmospheric pressure may vary wideiy, aa ma, the 
temperature. Mooter and reiared efleotro be guarded against, s, he fornaatton of gas 
oobhiesinthecon-erssincetheeacapeofgaseafremaoiutronwiiafteotnte 

^bre.edco^onofgm^fluio.eventough^gaaesdo.t^pa.he 
anroprevanttheescapeorabsorprion of gases flom o, into a fluid by prevrdmg a gas 

the characteristics of the fluid stored therein. 



8 



0,8 The present invention provides a soiution to the* and other problems of .he 
prior art. 

SUMMARY OF THE INVENTION 

0„ The present invention is directed <o a modular abated diagnostic ana^t 
havingananaiyaiaM^hanismohasaisforntonnringasensormoduleaon-ngaenaors, 

a fluid entry nroduie for sanrpie aspiration, a vaive modde for seeing Ms, a reagent 
pack for s^geofcahhran^andapunrpmoduleforfluidio— .The anMyne, 
includes inrproved nnidte sysren, whe re in a hiotogica, sa^p.e does not eonte tnto 
aonuc, with rhe valve system through which c*an B and at, are inhoduced ,0 the 
fluid path, a value sys,em uti.iatngau improved destgn and materials, a self-coutamrf 
.agentpachcouuainiugculih^.oleaningsolutton.dawaauc.n.ainerwhe.tn.he 

^p.ch.v.lve-fluidpatharecapaMeofs.onng.dh.dltug—d 
calibrants for bled gas deputation, elimmadng the need for external tanks of 

calibrant gases. . 

, 2 , The fluid emuy module includes an aapiration nabc having a M sectton located 

^inthcan.ysismechamsmchnasisforcnndnc.ingflmds.o.hcsensorchamc.r-a 

fluid e„«y module enclosing a second section of me aaptration rube rotatab,, moun ed 
a„dm«h,ycom,ec^,o.hef,rs, S ee t io„ofmeas P ,ra,ion,ub,bya«-g, 6 
sealandhavingafluiden^po^fortheenuyoffluidstomesensonehamhenTheflutd 
emry module endeses ,h. aapimtton tube to ro«e with - ,o shde aiong the aaptratto. 

wb e and includes a wiping seal mounted in the fluid entty module and sltdubly 
a„c,os,n 8t heaapi«,ionmb,ina re gionex t endin 6 hom t hefluide„» 7 po«mm„,e 

along the aspimtton tube, wherein the fluid entry module is mutably and shdably 
angagedwdhtheanalysismechanismohaasistomovetoapluraU^ofpostttona 

whe^aflrabpouiflonlc^uyeaapinadonmbceu^Por.adiacemm.mpp.efo,^ 

^.ionof^ibrndou^eieaningfluidammtheaMlysisapp^Oth^o^^ 

ptality of prions presen, the aapiration tube enhypor. for the aapiration of flutda 
imo.heanalystsapparatuaflomapluralityofdiflemnt.pesofsnmple — and 

,he motion ofme wiping sea, wtthrespeetto me aapiration mbe entry port removesa 



y 

m 

sebu 
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into the analysis apparatus for rtoposnl. 

02! The apparatus also includes at leant one sense, module mo-ad . • 
module bodies. Each sensor m vprt i ca ii v through the 

or with.«pa S s» g ain,oorou,of«h.ser^rch a mhe,.E.h» 

rl^Lrhe^ton-arinoludesmodularrtlmsenso.swt.reoord 
n-^^^^^'^tlrsal ectfonvalveforselocfrn^ds 

n^^ewlna.^a^gas* 

cylindrical extension and along the ^ ^ Election valve also includes a value body 
.herefrom to me rim of the cyltnder. The flutd select*. 

va.vo ^vulvebodvp.ssagesin.e.ec.tuemetnner-of.he.alve 
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cylinder passage to be selectively wi 

a^lacorrespondingoneoraplurali.yofnuMsou.ces. ^ 

H^uch having « port body with a port opening thererhrough for the e *"™ 
„ u i/ fram *eoon» e rswi,hi„ li e re age„ tP ouch,he P o«o f =n m g,nc.»..gnn 

« E»oh«con^,o,po»oh,in.te re age„,pack,,n.«rn,ncludesa,ea Stt wo 

L, ,he group of glass materials including a layer of «h,n, flex* glass, a tnatenal 

fluiisrored.hereb.oteseleorivelyexunuredfemthereagen.pouuh. 

add,,ion,«hewa,lsofo„ee„dof«hereng= M pouuha,eex,e„ded,of.rrnn 

..afrUerlineofrhefrlleroeuk and is sealed hy hear and pressure apphedalng, 

j,^nolow t hef,l,r,,neso,ha« M huhh,es»n,,,pedin*o^po«n, 
T Thnreage„,pan k o,,heprosen,in.n.uon m .,.lao«udoada tt ch ; p 
026 Thnreage p ,a hv , da B chip reader mounted in rho analysis 

positioned on the reagent pack to be read by a data chrp te 
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in using the fluids stored in the reagent pouch. 

„ neflnid.nu.rn-eenga.eswithdtennatysisnrecr^isnrchass^eonnn 
^^vnmodonsn^posi^of^W^n^d^easpi^on^^ 

nouthewrprngsea, is m oved niong rhe nsprrntion tube nnd awny front .he flurd entry 
e—o the ftrs.posi.ion, hereby ,„o aapWion * is , ousted ,o the ftrs 

^w.pilgseafre.o.eaa^duoofthein^cedfluid.ontfheextenoranrfaoeofthe 

^i rau o„,hewhe,.he fl u,de„^ n -odu.eiare t u rae d»ftef,r^si,,o» 

^ Furtl ,e,nocord i „g,o,hepreae„, i nve„r i «„,hoa M ,^fw.her,nc,udea n m p 

«i„g the posirionoftheMd entry ntodule and activaring the pumpvta orjuat 

I^Ld^^e^^f-^on.T.acUopof^ 

» lca »sesd,e^ueof t hainrroduc«d«,o«u mU ,a K o».heax»orsu fe 

of the in«rodueed fluid tough .he asprrarion .ube for disposal. 

029 stiUfn.heraucordingrothepresep.invenrion^efluide.^ntoduler.ayh^^ 

m „ ve g t o a «posi.lo», S o W « te aapWon W hei S ,ou l =dh,»a«^o„ to 
^din.orhethtrdpositton.Aocordingrofhepresentin.entlon.theutrerrorofthe 
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031 ^aflnidandgaa 

seteledonesofapluralny" ^tionmbeandsensorchambe,. 
Wsoduenon „f cntanon/cleamng tads P 

of a highly polished eenrmc matenal g ^ ft — 

rrrrrr^r 

sealing eemen., sneh as an O-nng. ^ wjth 

034 "ep^P^—taen^ s 
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especially eliminating the contamination issues associ 
fl 0W in g through valves where dead volumes typically exist. 

forward from the sensor module to bo grasped Dy 

„ Aecordingromep— uon mod „ 
dement for selectively exerting pressure long . «k 

« ~JTT— — -- 

rmderstoodbyteoforimunrsk.il r»«e , ataexlminingl he drawings, 

ofapreaen.implemenoa.ionof.hepresen.inventron.and.teexamrnmg 

* rei ° ; BRIEF DESCRIPTION OF THE DRAWINGS 

0} , Fi , , Aisan exp,odeddia*— icviewofanannlyaiaa^emboaymg 
a .AotzUeA view of the aspiration tube thereot, 

040 Fig. IB is a diagrammatic view 01 inc <. v 

present invention; 
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041 Fig. 1C is an expanded, diagrammatic and perspective view of a fluid selection 
valve of the present invention and the associated elements for passing selected liquids 
and gases into the aspiration tube of the apparatus; 

042 Fig. ID is a diagrammatic cross section view of the fluid selection valve of the 
present invention and the associated elements of the present apparatus; 

043 Figs. 2A and 2B are views of the fluid entry module of the present invention; 

044 Fig. 3 is a side view of a portion of the analysis mechanism chassis of the 
present invention. 

045 Fig. 4 is a diagrammatic view of the analysis mechanism chassis, the fluid entry 
module and the aspiration tube in the first, closed position; 

046 Figs. 5A through 5C are sequential diagrammatic views of the analysis 
mechanism chassis, the fluid entry module and the aspiration tube moving to a third 
position; 

047 Figs. 6A through 6C are sequential diagrammatic views of the analysis 
mechanism chassis, the fluid entry module and the aspiration tube moving to a second 
position; 

048 Fig. 7 is a cross-section view of the wiping seal of the present invention; 

049 Figs. 8A and 8B are diagrammatic perspective views of sensor and detector 
modules of the apparatus of the present invention; 

050 Fig. 8C is a diagrammatic cross section view of a sensor module of the present 
invention; 

051 Figs. 8D and 8E illustrate a film sensor while Figs. 8F, 8G and 8H illustrate 
examples of film sensor construction, Figs. 8i, 8J and 8K illustrate arrangements of film 
sensor modules in a sensor chamber and Fig. 8L is a block diagram of an exemplary 
record memory; 

052 Fig. 9A is a diagrammatic view of a reagent pack of the present invention; 

053 Figs. 9B to 9D are views of a port of a reagent pack of the present invention; 
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m F„ ,0 is across section views of sing!, and double »* of a reagent pack of 
the present invention; and, 

055 Fig. ,1 isa^pee.ioeviewof.hern.duiaea—edd.ag.osucapp^of 
the present invention. 

DESCRIPTION OF THE INVENTION 

Mechanism 14. . , 

05, AsirlusMedrnFig. iAFWB-yM— .2i„c,»desaAsp,na.,o.T*e 

,«. te ^-^«^^ -,,B-ta "'. ,, 7r lfc 

isah oUow,ubeha,i„ g a„^Por l ,Sfor«„e a sp«onof t he«ds.Asp 1 ca,,onT* 
T„bePaw22..e»d,n gl o*dsAna,ysisMechanisn, 1 4.Assho™,P«s^eP,o l 

a , ong ,: i „ 08ta d i n,ce„ 1 e lli ,e ft o m a,«« h een,,poi„,ofAsp i ca l io„Tu b e, 6 a t o 

. opening in teener of a Conned End 24 of Passage Pivot 20. 

6,8 itwillbennted^showninFig. IB.AsprrationTube ,6a . curved ,hr.»gh 

,„„ g « M laa i sofAspWonTu t .Passag=22»,»wardsCo,n^,ingEnd24aof 

Passage P,,o« 20, ,he K b» peciding a eontinuona, snarly ocnio- passage 
e X ,e„ding fa »aEn 1 ryPo rt > 8 ..*eendofAsp tat ionT„be lfa indao re g,onrf 

or voids along the passage. 

05, „ a present embodiment of Analysis Appanr.ua .0, Aspirarron Tubu !6a ,s 
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inches Passage Pivot 20, for example, is constructed of Delrin and has a D shaped 
cross-section widranoursidcmdiusof 0.125 inche, -anoceral, lengthof.. 55 tnchea 

with Passage Ptvo. 20 being designed to accept and hold Aspiration Tnbe 16a, 
M As shown ,„ Fig. .A and in ftnther detail in Fig. IB, Aspitation Tube Ida does 
no, in the present embodiment the invention, extend along Aspiradon Tube Passage 
22a entttely to Connecting End 24a but instead terminates within a flexible gasket or 
seal indicatedasSeand.locatedwtthinanexpandedsec.ionofAapim.tooTube 
Parage 22a a, Connecting End 24». Sea, 26 and the opemng therethrough ma, recetves 
AspirattonTubeldaand provides passage for fluidsare, like Aspiradon Tube Passage 
22 a, corned on d* longitudinal axis of Passage Pivo, 20. Seal 26 is made, for 
sample, ofbu*l.viton, or silicon, aad has, fo, example, an omside diameter of 0.094 
inches aad an intenor diame,er of 0.032 ,o 0.042 inches, depending upon d* ex«or 
diameter of Aspiration Tube 16a. 

, 61 AsillusdamdinFig. 1 A, dte passage for 0k transfer of samples, calibrantes and 
cleaning solutions continues into Analysis Mechanism .4 and ,0 a Sensor Chamfer 
contaimng.heelementsforsensingtheconsrituentsofthesamp.es.Asillusttate dm 
funh erdomilinFig.lB,,hepassagew,,h,nAualysisMech m ism,4is pro v,dedunmugh 

an AsptrarionTubeldh, which is contained within a cotresponding Asptmtion Tube 
Passage 22b, wherein the open end ofAspiratton Tube ,6b adiacentConnactmg End 24 
is aligned with Aspimtion Tube 16a and the other end of Asptmtion Tube 16b ,s 
smoothly ben, duough an angle ,o connect with Sensor Chamber 28. Aspiration Tube 
Passage 22b follows me same general pad, as Aspiration Tube 16b, bu, need no, be 
continuously curved andmay themforebe comprisedof stmigh.line segmen. fonaed ,n 

,„e body of Analysis Mechanism ,4 by drilling or ending As in dte instance of 
Aspim,ionTnbe,6,me re fore,Aspim,ionTnbe,6b,he K b,providesapassag.wayfor 

,„e maximum, effioien, transfer of fluids with the minimum entrapment of restdual 
qua „,i,iesofth= fluids in ,he parage, as may oecn,,for example, a,shan,comem, ) o,„,s 

or voids along the passage. 
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uhuk*" & a • h s0 t h a t Passage Pivot 20 

component ai ..., Me wav for the maximum, efficient 

io^Thisconsmtctionthetebyagatnpro.tdesapassage.ayto 

of , Pnmp 30 tha, is connected to the opposite end nf Senso, Chamber 28 from 

r n , fi hnnd.oanExi.Por.32*chni™t=l,leads.ooneo,mo,= was.e 

s========= 

r^orb^^inbicodsam^Pnmp^p^c.mpnaeaofa 
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peri-ic pump te moves fluids by movmg an occlusive sea. along flexible tubmg, . 
ft, manner well know, and understood by .hose of ordtey skiff in fhc relevan, mt 
064 It will be apparent from the above that the dcsrgn of the aspiration tube passages 
ami sensor chamber of the pros- invention is such that the samples, the dibrahon 
flnida and the cleaning fluids all flow through the same interior passages and that these 
interior passages conratn no dead areas o, volumes ,0 trap the fluids flowing rhrough the 
passage, In particular, it will be nored that while the passages do contain ceruatn jotnts 
„ junctures, all of .he joints or junctnres are of a routing nature rate tetjotnrs or 
imMKS allowing axial morion, teeby mtnimining or eliminating the dead zones of 
voids aristng from shaap bends in the passages o, sudden changes in the diameters of .he 
passage, The interior passages of ft. -lysis apparatus of .he present inventton are 
teeb, designed to pnauen. or signiftuan.1, reduce the risk of con.amina.ton or 



carryover of one fluid by another. 

20 and thus Aspiration Tube 16a are rotatable around the longitudinal axis of Passage 
Pivot 20 and Connecting End 24b. As indicated in Fig. 1 A, Passage Pivot 20 and 
Connecting End 24b and Aspiration Tube 16a can thereby be rotated until Entry Port 18 
of Aspiration Tube 16a is aligned with, and in close proximity to, the open end of a 
Calibration/Cleaning Passage 34 that extends from a fluid selection valve, desenbed ,n 

gas and liquid seal between the rotating Calibration/Cleaning Passage 34 and the 



stationary Nipple 35. 

066 As shown in greater detail in Fig. 1C, which is an enlarged perspective v.ew of 
Nipple 38, Calibration/Cleaning Passage 34 and the fluid selection valve of the present 
apparatus, the Calibration/Cleaning Passage 34 continues therethrough to intersect wUh 

Valve Cylinder 44 will bring Rim Port 40 into alignment with selected ones of one or 
m0 re Calibration/Cleaning Sources 46, which are fluid passages leading to one or more 
corresponding reservoirs for storing calibration fluids and cleaning solutions. The 
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M «ri(MM F-» 34 can be aligned wifh and .hereby jomed 
with any selected oneofCa.ta.ion/CleaningSoureea 46, which may include a passage 

or opening to the air. As such, it is possible to introduce fluids or air fan 
Calibr»,ion/CleaningSources46in,o E n t ryPonl8andnbusin,o.hea P parana S ,n.n y 

—e that is desired or necessary for operator of the apparatus. 

06, to this tegard, it W be noted that Calibrarion/Clenning Sources 46 wall 

preferably include one more Calibration/Cleaning Sonnte 46 man the nuntber of 

oaltbntrion fluids a»J cleaning solntions to be used and that .his addmon 
M hra«Cle a ningSonroe46wil,h=ope„.o.hean,bie„,.. m osphero S o.ha.a.ro™ 

2 toSonsorChantberZSa^of.he^ha.ngNe^orlogaH-nnh^ncs 

¥ |. M CdWMCk*t Source 46 being Uteconnecnonroteannos^ 

S 068 Thep ro uis,onof.ira,aaiibn,.,on/CloaningSou,oe46servosannn,b=rof 

« p^oseatoA.nlysbAp^lO.FtauWof-maybeaspira.ed.lnon^ 

system between oaoh fluid ft. is drawn mtough fe appararu, .ha, is, between .he 
oaliWon fluids, thecleaning solutions and .he tuples, in whafevet se,uence doe 
Msa.passedtoughthoapparatna.and.he surface tension a. me various fadatr 
interfaces will aasis. in removing .he fad — a fan .he interna, surfacesoffhe 
—a. Further in mis regard, .he movemen, of ait-fluid interfaces through an 
analysis apparafos have been proven to be effectively for general cleaning of the 
apparatns. Still further, separafmg fh= ««« fluids b, air slugs prevenrs m,*,ng 
loon the fluids and toby preserves me identifies and pari, of me difaen, flurds. 
Finally mo use of air as a "filler" between me fluids to assts. in moving .he flutds 
to „ugh,hoappa ra .usm.y reduce rhe amounfs of mo flmds retired,, hereby o„„se m ng 
0,0 fluids, allowing analysis of smaller samples, and reducing .he costs of ustng me 
apparatus. 



.'SSf! 
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, a in Fie 1A the operation of Analysis Apparatus 10 is 
069 Finally, and as represented in Fig. 1 A, tne oper 

Contra, and Display *»*-""- a - te *"'T*!LT 
ordinary skill in the relevant arts. 

„,, Nowcon.ide^toh^offte^sica.con^onofAMlys, 
dependingupo.^Mu.^lo^nctata.hecompo^ofAml^ 

p!U»-«^'"* isMectaismChassis54may 77 
LI.-*..— — - ofsuchopm,,OM ' 

andm , yb «co«c B dofavanab l e»be rm d 1 «you,.f C »mponen«s,a gm 

d^ndinguponftesp^ificlayou.-teignfta.ischos.n. 

,„ 1 „ apres e„,embod ta en,,fore»p]e,-»s 8 e„e* W,ca,.d,nF,, 1A, 

generally L shaped with an upright body, to the right, containing Connecting Tube 26, 
LpLg« 2 0,Se„so,Charabet 2 S,P« m p3»-E X i,Pori M .Thera S et,„,tot 

XLor^is.ppararaniOaMhn.ng^-ngto^P^.O 
and connecting to Pump 30. 
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m F u„ h enn,h i s K6 a,4U^Ube„o t ed t h, t b« 1 hPu m p30an, t he,a l v,a ! »b, y 

54fo I pu I pose S ofde S cnp«io„of«hes«ru M urea„dope rall o»of,heappa I a.u S a„d l ha t 
c W «y Pump 30, however, and for example, is preferably located in the lower par, of 

cast in die body of Analysis Mechanism Chassis 54, 
073 Fun herin.his K gard,inapr=send,p,.f=rr«dembodime„ t ofAnalys,s 
Apparatus ,0 l heCa,,b ra ,«laani„ g Source46 S eleo l ion V,,»e 47 is ahown in Frgs. 
lAand ICandan alternate embodiment in a cross seohon drag,— ic view , a, ,s, 
schematically and not to dimension or proportion, in Fig. ID, includes Valve ^ 
44 and Nipple 38 arrd the associated elements - fluid passages assured wrth Valve 
Cylinder 44,al, of whioh are eontamed in a lower extensron of Analysis Mcchantsm 
Chassis 54*-— *WN- 1«— — *«^— 
Tube 1 6a and Passage Pivot 20. 

„74 Asi„ust,^inFig..D,Va,veC,linder44i K ,udes.Shan3 6 ,wh,ch,sa 

Ldea 44 fromtharotabonmcenrerofthe upper f«ofVa,veCyl.nd.r44 oNrpple 

3 V,ve Cylinder 44 und Shaft 36 uontatn Calibrarion/Ceaning Paasagu 34 for paasmg 
selK ,ed«,uids,h ro ugh f ro m Pod40inu7u„u K rwal,ofVa„.C y ,i.dur44a,d*rough 

C«libn,.ion/CI=ani„gPassage34 1 oEn^Podl8 1 hroughNipple3g. 

„, 5 to d B p K sun t l y p re fenademhu m m=nt,Val,eC y ,indur44andShaft36uremadu 

ofahighlypolisheduera.riumaruri.l.suuhusulumina.andNippWSismaduofa 

, , r,FlRINIAuttal)The»pporendofNipple38,that.s,the 
resilient plastic, for example, DELRIN (Acetai). pp 
e „d of Nipple 3g th, is udiuuun, ,0 Fluid Entry Pod .8, is shaped ,0 mate wtth Flu, 
E^PorrlSand.seahngmember around Fluid Entr, Pod 18, as wall hedescr, bed 
teher below. In me pteson, embodiment, Nipple 38 has, for example, a length of 
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1 Fluid Enriy Port 1 8 and has the genera, shape of a ,runc«J cone w«h 
MtodWClling Passage 34 continuing through Nipple 38 and forming an opening 
in the top center of the riunculed cone. 

L Shaft 36 and has an interna, diameter of appro,-, 0.040 mches. , 

„ Hi™*, Valve Cylinder44 has a, outside diameter of approx.ma.aly 0.500 
p K ». embedment. Valve <-,., 

inch and a height, or Ihickness, of approx.ma.ely 0.200 mch an 

a ^iment the cylindrical extension comprising Shaft 36 has, 
the present embodiment, me cyimu. 

section of the upper end of the cylindrical ex.ens,on formrng Shaft 

A, , hearinu surface for One rotation of the valve assembly. 

4 te E H , c Valve Cinder 44 ma, ba located in a eyhndrieal hole 
am As illustrated in Fig. It, vaive ^ynuu 

Va lveWell56inmebodyofA»»l^Meeh»msmChass,s54w,d, 

^beriveen Port 40 rmdlhe fluid passageway tough Ore body of Analysrs 
the implementations <te * ri ^^* fe f „ implement the 

Valve Cylinder 44 fits and that has passageways leadmg from 
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are 
even 



connected to Calibration/Cleaning Sources 46. This separate Valve Body 49 may 
be formed as a ring around Valve Cylinder 44 with passages therethrough to mate 
with Port 40 and with tubing leading from the passages through the ring to 
Calibration/Cleaning Sources 46. Valve Body 40 may also be made of ceramic matenal 
and the internal diameter of Valve Well 56 such that the interior face of the openmg 
thereinintowhichValve Cylinder 44 fits and the outer faceofValve Cylinder 44 arem 
sliding contact, so that there is a sliding seal between Port 40 and the inner face of the 
opening in Valve Body 49 into which Valve Cylinder 44 fits. In these implements, 

the gap between the ceramic parts must be sufficiently tight so that the sliding seal „ 
liquid and gas tight. In the present implementation, this tolerance is in the range of 
0 000075 to 0.000200 inches. 

079 In yet another implementation of this embodiment, the Valve Body 49 may be 
made, for example of Teflon, and the sliding seal may be formed by making the 
diameter of Valve Cylinder 44 slightly larger than the interior diameter of the openmg m 
Valve Body 49 into which Valve Cylinder 44 fits, whereupon the Teflon compnsmg 
Valve Cylinder 44 will cold flow to form a gas and fluid tight sliding fit into Valve Well 
56 as is well known in the art. In other possible implementations, the sliding jomt 
between Rim Port 40 and the valve body and the passages leading through the valve 
body to Calibration/Cleaning Sources 46 can be sealed by providing an O-rmg or 
thimble gasket for a seal between Rim Port 40 and the body of the valve. 
080 It will be apparent from the above that the design of the valve and associated 
passages of the present invention is such as to contain no dead areas or volumes to trap 
the fluids flowing through the passages. In particular, it will be noted that whle the 
passages do contain certain joints or junctures, all of the joints or junctures are of a 

or eliminating the dead zones of voids arising from sharp bends in the passages or 
sudden changes in the diameters of the passages. The valve and associated passages of 
the analysis apparatus of the present invention are thereby designed to prevent or 



24 



signify -«*««of—a t io„ of one nuid by —er.1, wi,, also be 
Ml od toi „ 1 bepre K n, 1 ,prefe^o*d i meo,of.he,al,eofonepre S en.i„veo,,o„, 

ft, components of one »alve that are subject no we* are made of pernio mate,,, 
life of the valve. 

08! Finally, i. will be noted ,ha, in ye. other embodiments, the valve may be routed 
manually rather than by Valve Motor 48. 

.82 in suntmary ,0 mis point, Analysis Appnratus .0 thereby provides two paths for 

conducting samples and and ealihtation fluids and cleunmg solutions threugh the 

apparatna. The fitat begins a, Entry Pot, .8 whereby samples are inttoduoed from 
vatio-swsofsampleunnuin.rs-.hesnoondtsflomcaltbration/c.eaning^ 

46 and through the valve assembly into Entry Pot. 18 whereby estates and eleantng 

a „d ate thus tdenticn, for all pmposua regardine the passage of snmp.es, colibrontes and 
denning solutions taough me analyzer. That is, the sumples to be analyzed, the 
ealibration fluids and the planning solutions all oomu in eontae, with me same mtnmal 
parts ^dpassagesoffl. aphtha, is, the internal seettonsoftheappamh, from 

Entry Port 1 8 and onwat* through Sensor Chamber 28, 

H, To illustrate in further detail, the calibration fluids and denning solutions are 

conveyed through the apparams b, aligning Entry Port .8 with Ntpple 3g and by 
co„«o.lmgVal,eMotor48,oro,.«eV.I,eCylinder44,o,ignPor,40-s.,eo t ed 

Calibration/Cleaning Sources 46 in any desired sequence. When enoh 
CalibrattordCletming Source 46 has been selected, Pump 30 wall draw the seleored 

46, and tough me path comprised „f CalibmtiontCleaningP^ge 34, Aspiranon 
Tubes 16a and 16b and through Sen*, Chamber 28atd Pump 30 and out ExttPort 32. 
0M When samploa to be aztalyzed are to be instated ,„,o the apparnms, Entry Port 
I , h I0laK d away from Nipple 38 by rending Passage Pi»o, 20 to make Entry Port 1 8 
access* to the sample. Pump 30 will then drew the snmple threugh the path 
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m „»Ul te no t .dw«h re spec tl o l heseo^o n s ttet ,as i *a K dinF igS .lA8A 
andSB.thcs.nsors inSanscCha.be, 28 inclode bom a, leas, one Analysts Sensor 58 

^^.obe^^^^—^e^le^of.n^ 
Sample 60, in bum, is tesp»nse » the presence of «utd - * 

M.. is iMusuated in Fig. i A as ■ W * S «° K * ^ 

Detect 60 may ..so be located "do—" of Anaiysis Sensors * A preferred 
embodiment wonld contain .wo Sample De.ac.ors 60, one ops**, arrd one 
downstream ofthe Analysis Sensors 58. 

toug h Anaiysis Appntabas .0, that is, between each calibration fluid, ctong 

l^^p.eornvon-vera.pUc.swi^n^^of^ 

W dSan>plaDe K c t or W de,ec Bt heai, fl nid,. K rfac=sa,,b.b, g inn 1 n g andendof 

Mio^sorCon^lflnitSO.whichnsestbis—nroconuc . e n„o 

presented to Analysis Sensors 58. Sample Detecto, 60, in combinatton w,.h ,he 
pw ,isi„nof.iraso„.of,h. M ,b re ,ion/C,aanin 6 Sonrces46, te *,in S cnas 

pp.pHatepositioningofmoyarionsflmdswitbtaspact.o Analysts Sensors 5, » 
methods. 
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087 Having describe me general «A detailed design, s.ruo,u,e and ope-on of 
Analysis Appals .0, the following will now describe fcrther aspocts of the struck 
^operationof Analysis A PpM ».us 10 with regarinnemeehanisrnsb,** samples 
are introduced into Analysis Apparatus 10 from a variety of containem and by whreh 

prevented. . 
m As has been described above, samples and calibration and cleaning solufons am 
induced into Ana!,* Mechanism .4 by meana of Aapi ra 0o»T*l On and Paas^e 
Pivol 20, which rotate abon. «he tongtadinal axis of Passage Pivo, 20 so that Entry Port 
18 „fA S pira,io„Tube 16a is presented either .0 Nipple 38, and. hns to 

£ ofA.lvsiaAppnra^lOthatrsnvussnhjeot.oresidnalfrlnrsanddeposteiaAap— 
Tube 16a around and above Entry Port 18. 

08 , AsindiotedgenemllyinFig. 1A, Aspiration Tube 16a and Passage Pivot 20 are 
enclosed in a Flurd Entry Module 62 which is show, in Fig.3in curaway view as seen 
fan.be front, using the same gene™, viewpoint as in Fig. ,A, artdm Fi, 4 rn ngh. 

•* Mo dule62.na t is S how„inFig.4is.her=by,hes 1 deofFluidEn,ryModu,e62,ha„ S 

adjacent the upper part of Analysis Mechanism Chassis 54. 

0,0 As illua.ra.ad in Figs. 2A and 2B, Fluid Entry Module 62 is provided warn a 

From Wall 64, a Back Wall 66, a Top Wall 68 and a Bottom Wall 70 rha. rogerher 

define the generally elongated rectangular WyofFluidEnrry Module 62 w* a 

Ungimd ta ».Openi,«72ex tt *g lto m S id=74»Side76ao TO s 1 ha«d.honmd 

En ^Module62. Longitudinal Opening 72 isthusopenalongbothSide74andS.de 76 

«, is termi„a.ed a, .he upper end by Top Wall 68 and a, One bottom end h, Bottom 

091 Ke^*^^*^*^^^™" 
.lightly larger than the diameter of Aspiration Tube 1 6a and a Second Part 82 that ,s 



it 



If 

u 
a 
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M0< "" e 62 „• ,a nn IB Passage Pivot 20 is tolad in a position within 

^rla.^.x-enpperpo^win-t.^aiaeofTop 

Mpi ra «ionTubel6a,abo«,th.long«n«laxisofPas*P,.o.20. 

7 H^n^aa^anawiUne^^Mow,,. Hi, 

, ■ „nttn Side Wall 76 of Fluid Entry Module 62, so 
MKtaiSm Cassis 54 m. ^ « ^ Modu , e 62 

that the front of Analysis Mechanism Chassis 54 
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f ac eI o«ber ig h,of,bef lg u re .I*.,edi„F, g 3.3a„d4areC,hb,a«C,e mi „g 
Passage 34 — g in Nipple 38, which is located In the leftwards extends low. 
pan of Analysis Mechanism Chassis 54. 

„ 6 As shown in Fig. 3, Body Face 90 of Analysis Mechanism Cha» 54 is 
provided with a Firs. Ou,de Channel 92 .ha, is cu. into Body Face 90 of Ana„s,s 
Mechanism Chassis 54 «o a wid.h and depth sufficient to accept Lower Gutde U As 
Indicated, Firs. Guide Channel 92 exlends from ju, above and adjaoen. to Ntpple 38 
and continue upwards „„ a slant towards m. Front Face 94 of Analysis Mechun,sm 
Chassis 54 .oapoin, slightly in front of- below Enrty Passage 20, ending a. a pom, 
ta a present embodtment, approximately 0.094 inches distant from .he center of Enrty 
^ 20 and downward, a. approximately 45 degreos. Firs. Guide Channel 92 also 
teaFin, Opening 96, extending from slightly above the bodomendofFirstGu.de 
Channel 92 and through From Face 94 and of sufficient wid.h to allow the passage of 
Lower Guide 86. 

0,7 Body Face 90 of Analysis Mechanism Chassis 54 has a Second Gu.de Channel 

98 of sufficient depth and width to accept Upper Guide 88 and toted to aoenp. Upper 

Ou.de 88 when Fluid Entry Module 62 rotates about Fassagu Pivot 20 when Passage 

P ivot2 0 is toted a. the upper end ofLongioadinal Open 72, directly abating Upper 

Wall 68. Second Guide Channel 98 extends in an approxima,el y quarter cm* path 

around the central axis of Passage Pivot 20 and from a pom. above the centra, ax,s of 

Passage Pivot 20 to a point that is approximately horizon* to the rent of Passage 
P i ,„ l 20,re,a,ive.oFr„„,Faco94.Assho™,Seco„dG.id.Channe,98hasaS«ond 

Opening ,00 which extends from Seeond Onide Channe, 98 and directly upwards from 
rhu point over Passage Pivot 20 to and thaough Upper Face ,02 of Anmysis Mcchamsm 
Chassis 54.Seoond Opening 100 Is ofsuffioicn. width and depth to a„ow the passage of 
Upper Guide 88. 

098 Fluid Entry Module 62 and Aspiration Tube 16a with Entry Port 18 may 
therefore be located in any of three positions, which may be referred to as the "closed", 
"capillary" and "test tube" positions, and will follow one path in moving between the 
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OWThe "closed" position and the movements of Fluid Entry moo 

ta.dte— dcomponen.dementssbow.inFigs^ttaougheC 

„,.0 have been reduced to « form for clarit, of represent, thatta, o Iv 

^1—- — — — »———*-«—*-— " 

eliminated from these figures. 

located in th. vertical position with respect to Passage Pivot 20 and Analysts 
MeZ Tola ^En.ryPo-SofAspi.tio.Toheldaiad^y^. 

^ocaJalongAapWonTubc.daao^UpparW^^^ly^ 

prevntle^efrom.hisioin.andtheonnyof.atwan^auba^tncludtn.at, 
Il« sjta ....Wla 1 aoh«no tt dd 1 a,Bo»mWal 1 ™p re fnr.hlyabu B d K up 1 . 

Ictol alysis Mechanism Chaasis 5 4 around Nipple * wifhNipple 1 - S 
, 0 « r sec,ionof F luidEnuyMc,ul«6 2 furmerpro,ec K ,h,s J uno,,on.n^ 

dma,eswi,h=ndahu K .he,nne,su rf aceofWi P i. S SealSdi„o,der K m,mm, Km , 



i po*, - — > * ^ * * ta : r 
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Module 62 can rotate about Passage Pivot 20 in the manner that Lower Guide 86 passes 
out of First Guide Channel 92 through First Opening 96. It should be noted, m this 
regard that Lower Guide 86, Upper Guide 88, First Guide Channel 92 wuh Fust 
Opening 96 and Second Guide Channe. 94 with Second Opening 100 are preferably 
iocated and dimensioned such that Upper Guide 88 cannot yet pass through Second 
Opening 100 when Lower Guide 86 has reached the point to pass through First Openmg 
96 At this point in the motion of Fluid Entry Module 62, and as illustrated in F.g. SB, 

88 is trapped in Second Guide Channe. 94 and so that Fluid Entry Module 62 cannot 
slide further along the longitudinal axis of Aspiration Tube 16a. In addition, and 
because Fluid Entry Module 62 is prevented from sliding further along Aspiration Tube 
16a the lower section of Aspiration Tube 16a, in particular Entry Port 18, w.ll be 
reC essed within Fluid Entry Module 62, and in particular, within Aspiration Tube 
Opening 78 and within Wiping Seal 84. 

0,03 Fluid Entry Module 62 then continues to be touted about Passage Pivot 20 un.,1 
Entry Port 18 a. to end of Aspiration Tube 16 has reached a point, maturated tn Ftg. 
5C oonveutou, fo, to use, to ptesen, to outlet of a capillary «fe hypode™ syrtnge 
o, similar sample comamer to Emry Port 18. In the instance of capillary tubes, for 
example, whtch a* generally open a, both eods, Fluid Entry Module 62 will generally 
h rotated until Aspiration Tube 16a is essentially horizon,.! so to. to sample does no. 
accident flow on, to oto, end of to capillary .uhe and .0 insure to proper flow of 
the sample into Entry Port 18. 

0104 The end of to sample container, to, is, to open end of to capillar, tube, 
hypodermic syringe o, similar container from which to sample is no be dtawn, . then 
inserted into to opening in Wiping Seal 84 and into comae, o, close proamuty wtth 
Entry Port 18 so to. the sample can be drawn inn, to apparatus. 1. should bptaoted, tn 
this respect, to. to enclosure of bo,h to open end of to sample container and Entry 
Port ,8 within Wiping Seal 84 ptonides a gas and liquid sealed juocion between to 
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sample container and Entry Port 1 8, insuring that the sample is drawn into the apparatus 
and preventing the entry of air or contaminates. 

0105 Fluid Entry Module 62 and Aspiration Tube 16a with Entry Port 18 are moved 
to the "test tube" position, as illustrated in Figs. 6A through 6C, by again sliding Fluid 
Entry Module 62 upwards along the longitudinal axis of Aspiration Tube 16a, but in this 
instance continuing to slide Fluid Entry Module 62 upwards past the point illustrated in 
Fig. 6A whereby Lower Guide 86 can pass through First Opening 96. As this motion 
continues, Upper Guide 88 will pass out of Second Guide Channel 94 through Second 
Opening 100, while Lower Guide 86 is trapped within First Guide Channel 92 and can 
move only upwards along First Guide Channel 92. 

0106 As Fluid Entry Module 62 continues to slide upwards along Aspiration Tube 
16a, Lower Guide 86 will, as illustrated in Fig. 6B, continue to move upwards along 
First Guide Channel 92 and First Guide Channel 92, by constraining the motion of 
Lower Guide 86, will cause Fluid Entry Module 62 to slide upwards along Aspiration 
Tube 16a and to simultaneously rotate about Passage Pivot 20 until a significant length 
of Aspiration Tube 16a has been exposed and Aspiration Tube 16a has rotated to an 
angle, illustrated in Fig. 6C, that is convenient for the user to present a test tube, cup or 
similar sample container to Entry Port 18 at the end of Aspiration Tube 16, whereupon 
the sample is aspirated into Analysis Apparatus 10 as described above. 

0107 Finally, the above described motions of the component parts of and associated 
with Fluid Entry Module 62 will be reversed when Aspiration Tube 16a and Entry Port 
18 are returned from the "capillary" or "test tube" positions to the "closed" position. 

0108 It is therefore apparent that the mechanism provided by Fluid Entry Module 62, 
Aspiration Tube 16a, Passage Pivot 20 and their related channels and guides provides an 
analysis apparatus that is capable of conveniently accepting samples from a wide variety 
of sample containers by providing an entry port mechanism with multiple positions, 
each position being adapted for a different class or type of sample container. 
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mec hau,sm for au.„m..ic* safely - — * «*• * ~" f " mS "* 
deposits from samples. 

CO ,„pani=u, a r,„has to d e scHWab»ve*a,WipingSeaU4,se„c,os«d,n 

Aspirariun Tub. Opening 78, which a** darough Borrom Wall 70 and .ha. 
^^■I^^WipingS^-Wip.g^.s, i^ 

a„dfnsclos., y wi.hi„A S pi n .ionTubeOpeni„ g 7 8 ,p refOT hlyb y anW ere n K f,. 

ta *ei„ K n„,di^.=rofAspira.ionTuh < Openin g 7 8 , S od 1 a.W,,n g S e al4 
rem ainsinp,ace in Aapirariuu Tuhe Opening 78 as Wiping Sea, S 4 moves or shdea, 
atagAspiradouTuho ,6..Fo,exan, P le,inapresen.embodimen,ofAna.ys,s 
Apparau, 1 0 Wiping Sea, 84 and Aspiradon Tuna Opening 78 ma, have reap**,. 
diamelersof0.248inchand0.251inch. 

«„ Thein.eHo,ofWi P ingSeal84issi m ilarlyg=ne r a,lyc,lindnc a ,,hav m ga 

s UeaAsa,sosho»n,„ F ig.7,d,ein,e„orof.he,owe.sec.,ono t W,p,ngSea8, 
Lu!>esec,ono f Wipin g Sea,84c„ m h.gine»n.ae.-Nipp,e3 8 ,,s«apandadand 

shaped inrernally ,o form » eiose madngjoin. - Nipple 38, .heruhy proving . 

a l. The upper secrionof .he inreriorof Wiping Seal 84,« is, ,he do— 
enaofWipingSea, 840,0,, ,o Passage Pivo. 30, is fnr.heepnaferahyp.ov.dedw* 
„„. „, more ,n,em»ll, ex.anding Sealing Ridges 104 ex,ending around ,he 
circumference of die interior of Wiping Seal 84. 

.,,2 ,„aprasan„yp K f=nedemhudimen.,Wip,n g Seul84, S pref. ra hl=cas,ur 
moM ed n um. re .a.iv.lysuf.e.as.omericma,uria.,suchaasi,iuun,Vi«„nurhu^l 
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eliminated in alternate embodiments. 

.-c^ion^c.-n.soiu.io.s-in.hein^fluidpass.gewaysof 

"„,, ta , reS «flln.s-de P o S i K ca n be* P o*d.nbo,h*e«nor^ 

L. — - ••* , ' A * ,- " 1 * ,fc " Ttil<l 
I pirata T* .daa.EortpPort ..-a.*-*— «»«— « 1* 

expose a section of Asp,ration Tube 16a a. and above Entry Port IS. 
Ipeis^uead.Mb.be.n^beda^dKnaouonofF.u.En.yModrt, 
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T*16 S lid=stoough Wiping Sea, 84 ,0 bring Wiping Sea, 84 back .* or ueartho 
eudof Aspira<io„T„he,oa,,h»,is, a. 0, near Entry Por.18 Viewed from the otto 
perspective, Wrping Sea, 84 effectively slides do™ Aspiration Tube 16a from .he 
"capillary" or "res, rube" position ro tire "closed" position and moves into elose 
proximity witir me end of Aspiration Tube 16a while doing so. 
Hit D>ning*, S motionofre t uming.orhe»olosed"posi.ionfromti.e»eap,llanr or 

mbe" positions, therefore, Wiping Seal 84 '•wipes" tiro exrerio, surface of 
AspirationTube 16a, cleaningi, of any residual frlm or deposit torn , he sample, w,,h 
,he rosidual film o, deposit forming as a drop or bead a, o, vay near tire end of 
Aspiration Tube 16a, that is, at or very near Enrry Port 18, 
0,17 As indicated in Figs. 1A and 3, Analysis Apparatus 10 farther includes a 
Position Sen*, .08 mounted, for example, „„ Face 90 of Analysts MeohamsmChassrs 
54,od e .eo,whe„FlnidEn tt yModnle62h.rot» tt d,o„e«l,.ha»o.osed'>sitionso 

[hat Enrry Port ,8, whera a, .his poin, in rhe motion of Fluid Entry Module 62 rhe drop 
or bead ofraaidoal film or deposit from .he sample has tared due to tite wiping action 
of Wiping Seal 84, is near to hu. no. ye, in alignment and contact win, Nrpple 38. 
„18 A. titia point, Position Sensor 108 provides a aignal ro Microprocessor Control 
U„i, 50, whiohaotiva.es Pump 30 ,0 draw ,he drop or bead of sample rasrdne or deposr. 
i„,„ , he fluid passages of Analysis Appararus 10, whereupon it ,s disposed of. 

,„9 The anrdysis appnatim of the present invention thereby provides an au.oma.ro 
sysrem for cleaning residual sample, calibration and Conning frlnrs and depoairs from 
borh rho interior and exterior surfaooa of .he appararus, .horeh, preventing cross 

the cleaning mechanisms of the present invention operate automatically in partreu a, ,„ 
clean tho exterior surfaces of rho apparatus each time the e„rr» port is renamed to tire 
normal, closed position, and without requiting additional work on the part of tire user. 
Still further, tiro cleaning mechanism of the preaen. invention does no, require that tire 
user manually clean tine apparatus, thereby avoiding risk of injury . the usor and 
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of cleaning waste and material, Module 62 and Analysis 

11120 Lastly it is shown in Figs. 3, 4 and 5 that Flmdbntry iv 

• ci additional be provided with a mechanism for selectmg 
Mechanism Chassis 54 may additional Deproviuc 

.ninme-capillary-and-testtube-positions.therebyreducingthe 

between operation in the capiat y cu p ftr t 
• -.dontheDartoftheuserinselectingthepositionofEntryPort 
manual dexterity required on the part oune PrnntW all64 

Wall 64, generally from Side /4 to 

i ft u»T intersects and opens across Front wan o^w 
section wherein the upright bar of the Tintersects an p 

c^nt Wall 64 A Se ector Bar 1 U navmg a 
formanopenslotacrossatleastpartofFrontWall64.A 

L T cross section and with the upright bar of the T extending out of the 
corresponding T cross . n Selector 

such that it does not intersect with Face 90. Analysis 
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^^^^^^ 

i • r- « a 8R and 8C which are perspective views oi oc 
28 * Se— or — «»■*■- De(ect0[S M . * 

replaced, for example, wu Det ectors 60 to meet 

tarn -fi^ * Al * sis SensMS 58 " P 

drfferirrg needs, sa 8Barrd8C, Sensot/Detector Modules 118 are each 

• „f, Spnesor/Detector Module lis, eacn a ocus 

view of a Sensor/ ueieu fic 

Sensor/Detector Module 118. Asillustra thp t0D side to the bottom side 

of S,n S or Module Body 118—1 » P™'« »* 
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fteupperendofFluidPassage™ 

. 1 1 8h such as a cam or spring element mar exci 
Engagement Element ^j*"*^ ig so that the Fluid Passage Seal 124attheupper 
sUckofSensc/DeteetotModuleslUsotna M> n8aisforce d into pressure 

c „n li n„ou S ga S =ndli,»i«.ig"«^ ft » Aspira,,0nT * ,6b 

30 ' „■ rogCeachSensorModnleBodylltomayineludeoneor 

0125 As also indicated tn Frg. gC, each Sen rothe[ fluids used 

■ . ik flat n» for eaample,corilain reagents or 
more Sensor Reserves 126 tha ma, MlorMoliu l c Mm,*, 

m fc option of the Sensor Element .22. Each SetK Module 
/- 198 necessary for the operation of the bensor/ue 

Microprocessor 50 and Display ^^^^ j ^ ^ connecting the leads of the 

rhamber 28 and providing leaas ro lviiw v ni , .„ 

Chamber Sensor chamber 28 . 

when the Sensor/Detector Module 118 is plugs 
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aS e„ s or/De K c,o,Mo*U 8 ,n,o Sense, Cha^^Che^ovaof. 
Se^/D^rM-.^S^rC^^win— ngiyr-eorb^ 

S ens o*,^M«du 1 =n 8l oca ti on in Sensor/C tate 2S»con, a ,na 

between the end of Aspiration Tube 16b and Pump 30. 

; SAand.Bauddest^edasSenso.DeteetotM-eit.e.^b.vea 

multiple ofa standard Sensor/Detector Module 118 heights 

ac . "filler" module when the available stack he.ght for 

Sensor/DeteetorModuie U8c is shown a S ex,e„din 6 to *e right ofthe odner 

^rorSensorCr^ber.SaHowsnneuseorwiderdoous^Se.or^r 
MCuiesnMorexanrpie.duetofunctionaire^en.-asanexpanded 

resw ir fo, holding electtoly.es or other fluids used by tie sensor. 
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L*" ofdutnmy" Senaor/Deteetor mW*-**"-"— «'» 
^h-theapptopria, . — h — — ' — ' 
Module 118 spaces not occupied by functioning Sensor/Detector Modul^ 1 18, thereby 
serv „ g to fe* the ft-ional — tuutot Modules 1 1 8 into S - O-*- » 
L ,0 pnnvide n complete, snnlod Fluid Passa g e ,22 between me end of Aspira bo 
ana to pro „ „,„ ustly it will be appreciated by those of ordinary 

Tube 16b and the passage to Pump 30. Lastly, it will PP 
ski ,H„ the releuan. arta .bar -be fton.nl faces of Ptottoaions 1 24 m ay ae,e , m ou„, r 

Sensor/Detector Module 118 that is installed. 

0, .ore of SensortDeteotor Modu,es , .8 ntay M * "reference" module, An 

JL* Module 118 and i, wi„ be uttderatood by those of otdmaty *> m he 

^^a-tefntenoe-^rorelen^maybeoontainedmaaepamte reference 

^,,..- W b.^^••--» i -- ,, -* ,,, • ^, - ,,, "•" 
more Analysis Sensors 58. 

013 „ N „,consideti„ 6 ,.ema,eimp«,ionsa„demb^im M .aofS.n S or 
r!L 28 Sensot/Detenmt IM-^-M-Wf Sensors 58, new forms of 

toVilmplanataensoKOffetlowercoftnewtypeaofanalysis, 
l„lepbyaica,eo„f, 8 nta,ionsth m dopteviouasenso,Tb,o k et,d,h,nf,lm 



40 



*« sense have been developed for, for example, mea— , of bloody, 
Apparatus 10 of the present invention. 

0131 ^geneoala^tnre.fanevenap^TWFimaPlan.rSensorfBtokFtlm 

i:2a „dFi,SEisaoeossseo,«view. A s shown to i„,s«F,l m Sonsor 7 . 

l ereon«,,hinaChnn,hetW8havin 6l npn«n„dO«, P n,P. S an 8 es, 8 0,.dl 8 0Ofo 

action into, for example, n Fluid P» e c 122. Sensor E,emen B ,* nta y 
torK an,p.o,elec,rodos,o*do S ,a„ode S ,,ead S ,insu,a,in e layers ond so on, an, , ho 
Sensor Elements 176 residing in a thick filna sensor Sensor/Detector Module 118 

« Fihn Snnsors ,77 rnmer than the ** ** purpose sensor typtnall, M - 
—ISenao^ModulellS^So.orElenten.l^^ 
fome db y atMdardpr„oo S ses,auoha,de^,ti.n,ac,eenprin,,n e ,o,ohn,,ca,or,a^ 

^ntonrhrane.oroterna^-nsinkaofvnHouafc— 

^S^r^netoaConnooaornOfon^onn^o,.^^ 

E ,e me „ K 176,o,S.nkn„ 3 2n,oun,ed,o,hebao k wn„nfSens„r Chamber thereby 
IZoonaoeotionatoMicroprnoeaanr.andOiapl.n.dCont.la^entho 

^.B.^t.^-*^ 4 --— ■ d **' ,d 
most oommonly, the loads thentaelvea. „ mickFito 
, U2 Fi 8 s IF. 80 and 8H M ™io.s exemplar, oonatructtons of Thtok 
Se„so K ,72,h.,n re ei te pros=n,l,onmmemi.„yavai,ab,e.rma,n re under 
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development for commercial use and illustrate some of the considerations and factors ,n 
constructing Thick Film Sensors 172. Figs. 8F, 8G and 8H respectively illustrate an 

Thick Film Sensor 172 an^mple of an ion sensitive Thick Film Sensor 172. In 
the amperometric Thick Film Sensor 172 of Fig. 8F, for example, a platinized carbon 
paste ink is used to screen print the active Electrode 1 82 A in glucose and lactate sensmg 
applications. In glucose and lactate sensing applications the sensors are relatively free of 
interference at the maximum expected values of the indivklua. substances to be sensed, 
while in enzyme sensing applications the sensor employs an Interference Rejection 
Cover Membrane 1821 and a Correcting Electrode 182 to compensate for known 
interference, In the oxygen sensing Thick Film Sensor 1 72 of Fig. 8G, a polymenc 
perfluorinated ionomer is used as an internal Electrolyte 1 82E and is covered by 
polymer Membrane 1 82M having a relatively low permeability for oxygen but a higher 
permeability to water vapor to allow fast wetting and a stable steady-state response. 
Lastly Fig 8H illustrates an electrode construction in an ion-selective Thick Film 
Sensor 172, such as a sensor for measuring potassium. In this electrode, a solid internal 
Contact 182S comprised of a solid internal electrolyte enclosed in a Membrane 182M, 
fulfills the function of an "internal fill solution" in a conventional three-dimensional 
electrode. 

0133 It has been described above that Sensor/Detector Modules 1 1 8 containing 
Analysis Sensors58are each contained inaSensor Module Bodyll8A designed to 
rnechanically stack and interlock vertically in Sensor Chamber 28 to form a single 
assembly filling Sensor Chamber 28. It will be recognized and understood that 
Sensor/Detector Modules 118 containing Thick Film Sensors 172 may likewise be 
contained in Sensor Module Bodies 1 1 8 A, with the Chamberl78 and the Input and 
Output Passages 1801 and 180O forming a Fluid Passage 120 in the same manner as in 
the instance of conventional Analysis Sensors 58. As in the instance of conventional 
Analysis Sensors58, the Fluid Passage 120 formed by theChamber 178 and Input and 
Output Passages 180Iand 180O of a Thick Film Sensor 172 will pass vertically 
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orZs^rM-eBodyUSA^^UbeP-ovi^-a.WoneFMPa^c 
Seal 124 at least one end of Fluid Passage 120. 

uJ^convenUonalAna.psSe^SS.Fo.ex^S^orMod* 

containing conventional Analysis Sensors 58. It will also recognized 

rZplat,^— o-^ModnleBodicsHSA.il— » F i, 

— lAn.vsisSonso.SS^bya^S^Modnl.^l^ 
containing a Thick Film Sensor 172. Fig. 8J shows a horizontal array of Sensor Module 
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Sensors 172 or Analysis Sensors 58 will result m a smgle Fluid Passage 
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Sensor Chamber 28. Other arrangements of Sensor Module Bodies 1 ISA containing 
Thhick Film Sensors 172 or Sensor Module Bodies 1 ISA may, however, result ,n 
multiple Fluid Passages 120 extending vertically through the Sensor Module Bod.es 
1 18A from the top to the bottom of the Sensor Chamber 28. In this instance, currently 
unused ones of the Fluid Passages 120 may be blocked with "dummy" Sensor Module 
Bodies 1 ISA, having a Fluid Passage Seal 124 if necessary, or the Fluid Passages 120 
may be provided with one or more selection valves similar, for example, to the fluid 
selection Valve 47 described herein above. 

0137 Lastly in this regard, it will be understood that Sensor Chamber 28 will typ.cally 
again include a sensor module Engagement Element 1 1 8b, such as a cam or sprmg 
element that exerts a force along a stack of Sensor/Detector Modules 1 18 so that the 
Fluid Passage Seal 124 at the upper end of the Fluid Passage 120 of each a Sensor 
Module Body 11 8A is forced into pressure contact with the lower surface of the Sensor 
Module Body 1 18A immediately above, or with the upper surface of Sensor Chamber 
28 As described, Fluid Passage Seals 124 thereby seal the junctions between the Flurd 
Passages 120 at the junctions between Sensor/Detector Modules 118 and between the 
topmost Sensor/Detector Module 1 18 and the end or ends of Aspiration Tube 16b. As 
also described, the upper end of the passage from Sensor Chamber 28 to Pump 30 
similarly has a Fluid Passage Seal 124 to seal the junction between the Fluid Passage 
120 at the bottom of the one or more lowest Sensor/Detector Modules 1 1 8 and the 
passage to Pump 30. 

0138 A significant difference with Thick Film Senses 1 72, however, is that many 
Thiek Film Sensosr 1 72 have limited use lives, that is, are operative or provide rehable 
resuhs for on,, a limited number of tests o, for a limited period. For example, eertam of 
,„e Sensor Elements 176 of some Thiek Film Sensors .72 deteriorate or degrade over 
time Because Thick Film Sensors 172 are essentially sealed units, the Sensor Elements 
,76 or other components of the Thick Film Sensosr 172 cannot be replemshed, refined, 
or refurbished, thereby limitingthe use life of the Threk Film Sensosr ,72. In thts 
regard it will bn noted that as diseased herein above conventional Analysrs Sensors 58 
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ma, inolude Sense, Reservoirs 126 containing, fo, example, reagents or other Ms 
used i„ rhe operation of the Sensor Element 1 22, so tat oertain elements, soph as 
reagents, nan be replenished, replaoed or denned, .nemo, extending the user hfe of 
s „me conventronal Analysis Sense. 58. At leas, some conventional Analysis Sensors 
58 however, may also have limited use lives for similar reasons, 
0,39 While Analysis Sensors 58 and Thick Film Sensors .72 ma, be raptdly and 
nasi,, replaced, berng modular in stntcrnre, it is * lean, inconvenient ,0 have a M 
Film Sensor 172, for example, reach the end of its use life without warning dunng n 
scuence or series of analyses or . .he beginning of a work shift or during a rush or 
very bus, perrod, and ma, be ve„ disruptive to workflow o, to the validity of a 
sequence of analyses. It is also advantageous to know the remaining use hues of 
Anatvsrs Sensors 58 and Think Film Sensosr 172 «* in use for inventor, 
maintenance and replacement ordering purposes. 

0,40 For Oris reason, and as il.ustrared m Figs. 8D and 8E, Thrnk Film Sensosr ,72 
tete mclude a Record Memory .84 for storing information reprosetnring, for example, 
an identifier of the tvpo or types of Thtnk Film Sensor , 72 residing in the think f m 

Think Fi.m Sensor ,72, a -.of o, W number of the Think Film S=„so,.72,a use 
by - dtrie, a mtottmum number of uses, a cumm. aceumulared number of test uses, a 
maximum use period, and a ctnren, accumulated test use period, cahbratton 
infonmation.andsoun.Asillus.mreu.ReoomMemorylSaisconnec^o 

0 Hnadsi„ K gmlwi,h,hnRennmMemor,.84.,,wi,,her^iued.ha.ceria,nofm.s 
te Think Film Sensor ,72 Sensor/Detector Module 118, suoh as an identtf.erofrhe 

ModulellMseria, number or other identrfter of me particular Thick F„m Sensor,72, 
. ,„, or "hatch- nnmher of rheThiok Film Sensor ,72, a -use h,-da,e, a maxtmum 
„ u m te o,usos,amax,mu m «se period, calibration infonnatton and soon. Other 
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i „ f „«.obes,orea»R^Me m o^84wmbe g c»era«ed m dwn M1 „»,« 

, ,8 Fo, .his reason, Microprocessor Con.ro! Unit 50 may thereby read the infonuation 
SBre d in Reconi Memory 184. such as .he maximum numher of uses o, .he maximum 
nse pencd, and may g ene.a.e nnd write fata*, irno Record Memory .84, such . 
upda.es of me - number of tea. oses tmd .he conen, m use period, each „me .he 
Thick Film Sensor 172 is used. Microprocessor Con„ol Uni. 50 ma, memo, compare, 
for example, .he maximum number of uses or .he maximum use period for a g ,ven 
Thick Film Senso, 172 wi,h me cnrren. accumu,a.ed nnmbe. of uses or me — 

^on, or warning when .he remaimng use period o, number of uses reaches a solaced 
mimmom, ,f tine information g « ra .ed by Microprocessor Comro, Uni, 50 nod stored m 
RecM d Memory 1 84 includes, for example, nve,. g c m of use for a given penod, 
Minroprocessor Comro, Uni. 50 could also provide a warning or predicuon of tine 
pt „bnb,cxpi re .ionofmeThic k F,,mScn S or,72..,wi, l bcrcco g ni K d.ha.nRec„^ 

Memo^ ,84ma,hcloco.eda.n„ y sui,nb,..ocn.ioninoro„aTh,chFi,mSens„, 1 2, 
soch as„nthe Sensor Module Body 1 ISA or . the Subnti* ,74,and,na,tinem P u, 
and ou.pn, connections bo.wenn *e Record Memory ,84 and me Micmptocessor 
Coo.ro, Uni. 50 may be b, means of, for example, a sep,n,e connector, nddmonal lends 
0„me S uhs m .e,74.d.hrou^Com,ec.0,.30,orndd,,«llnnd S o„.heSub SM e 

,74 and an additional, separate Connector 1 30, 

,,4, An „»np, e ofaR=comMomo^84in»p KS e».lyprefe n edembod,mnn.of 
ch, P a,ai,ah,ef.omDn,.nsSem,cond„c,or, S uohas.heDS2 5 02o.DS2 5 05. AS 

Ground ,860 lead »d as,n g le Power/Signal I86PS lead bm ,s 

conventional memory circni. in many rasper. The illustrated Reeord Memory 

includes an EPROM 1 88E, which may be of various capacities, an EPROM 

Memoiyl8gS ,a, &ro .Co m ctin gC odeOene,n.orl g 8C,aMamo,C„ntio„S 8 M, a 
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CM, ,90V and a Parasite Power Ci.aU 190P conned ta regnal IM* 
W to ,, te vo, 1 » 8 .onP»w.,/Sigr oll S«PSis™«hinap»«=rran 8 =,*isde.ec t edb, 

V* 6 eD. t =c,C i ,cai„90Va,d,h=»o 1 ,a 8 eo„P»wer/Si g nd,S6 P Si Sro u t ea.o 
R^M.^.W^du^.he.ad/wri.eofda.a.Whan.ha^lon 

p 0 wer,Si 8 »al IW.whiohoon-rhe 
options of *a Record Mamor, 184 in .he reading and wiring of darn. 
Lm-* — — -aR^Manro.mnuybeenrp.oyadnn 

* fita sensor S«nsor,De,ec,or Modo.es i IS, »hioh are gene* si-ar . 

Sensor/DereororModuiesnS.ondft.rRecordMe.oriasfSd^ayir.rorarsaba 
I^a^.fnrModu.ef.SoraMnfdnrM-aMSn.v — aoneo,^ 

n , v oon«inon,»*eSensorE l an,en.si76oo m pr,sin 8 a-refer.noe eieo.ro* 
Zs^iea „ g ,„oneor m ore^pondin 8 rese,oirsfors,.,in S co 1 , b ra 0 o„«n,ds 
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utilizes significantly improved reagent packs designed for use in this and similar types 
of apparatus, including the apparatus of the prior art. 

0143 Referring to Figs. 9A and 10, therein are shown diagrammatic representation of, 
respectively, a Reagent Pouch 136 of the present invention and a cross section of the 
wall structure of a Reagent Pouch 136 of the present invention. As illustrated in Fig. 9A, 
a Reagent Pouch 136 has a generally bottle shaped form comprised of a rectangular 
Pouch Body 138 and, extending therefrom, a generally rectangular Filler Neck 140. In a 
typical embodiment, Pouch Body 138 has a volume of approximately one liter and is 
approximately 13 inches high and 8 inches wide while Filler Neck 140 is approximately 
5 inches high and 2 inches wide. 

0144 Reagent Pouch 136 may be constructed, for example, by cutting the two sides of 
a Reagent Pouch 136 out of a sheet of multi-layer material, which is described below, 
and by heat welding the two sides together to form the Reagent Pouch 1 36 with weld 
seams along Bottom 142 and Sides 144 or by cutting the two sides from the sheet of 
multi-layer material as a single piece joined along or side or bottom, folding the double 
outline together along one side or the base, and welding the remaining seams. For 
example, the two sides may be cut from the sheet of material as a joined, base-to-base 
outline of the two sides and folded along the base-to-base line so that, when prepared 
for filling, Reagent Pouch 136 would have a fold seam along Bottom 142 and heat 
welded seams along Sides 144. Whichever method is chosen, Filling End 146 of Filler 
Neck 140 left open to allow the Reagent Pouch 1 36 to be filled with a selected reagent, 
cleaning agent or other fluid. 

0145 Also, and as indicated in Figs. 9A and 9B and 9C, each Reagent Pouch 136 is 
provided with a Pouch Port 145 located, for example, one side or the bottom of the 
Reagent Pouch 136 for extracting the enclosed reagent, electrolyte, cleaning agent or 
other fluid from the Reagent Pouch 136. In the exemplary embodiment illustrated in 
Fig 9A Pouch Port 145 is located on or near the Bottom 142 seam of Reagent Pouch 
136, and adjacent one corner of Reagent Pouch 136. Pouch Port 145 extends through an 
opening or slit in Pouch Wall 162 of Reagent Pouch 136 with Pouch Wall 162 of 
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Reagent Pouch 1 36 being fitted around and bonded to the outer rim or surface or Pouch 
Port 144, for example, by adhesive or heat sealing. Fig. 9B is a front view of a Pouch 
Port 144 and, as shown therein, Pouch Port 144 has a generally elliptical shape with 
tear-drop shaped tapered Ends 146 to provide a smooth curve and transition for the 
portion of Pouch Wall 162 that fits around Pouch Port 144. The shape of Pouch Port 
144, and particularly of Ends 146 of Pouch Port 144, thereby avoids forcing an abrupt 
change in direction of the material of the wall of Reagent Pouch 136 at the point where 
the wall Reagent Pouch 136 meets Pouch Port 144 and a consequent gap or "wadding" 
or wrinkling of the material at the juncture, which can be difficult to seal and which can 
be a source of weakness, both as a joint and in inducing tears in the material. 
0146 As illustrated in Fig. 9C, which is diagrammatic cross section of a Pouch Port 
144, Pouch Port 145 is comprised of a Port Body 148 made, for example, of 
polyethylene or polypropylene, and having a Port Opening 1 50 therethrough for the 
insertion of a tube, needle or other form of passage element therethrough for extracting 
the fluid from Reagent Pouch 136. The outer rim of Port Body 148 is formed into an 
Engagement Rim 1 52 and, while being represented generally in Fig. 9C, is shaped to 
engage with a bracket within the Reagent Pouch Housing 137, an example of which is 
shown in Fig. 9D. As is usual and well understood in the field of art, Engagement Rim 
152 operates to engage each Reagent Pouch 136 with the Reagent Pack 137 and to align 
Port Opening 150 with a tube, needle or other form of passage element serving to 
connect the corresponding Calibration/Cleaning Source 46 with the interior of the 
Reagent Pouch 136. Engagement Rim 152, which may be of any suitable shape, thereby 
operates to mechanically fix the Reagent Pouch 136 into location in the Reagent Pack 
1 37 and to allow the tube, needle or other passage element terminating 
Calibration/Cleaning Sources 46 to be inserted through Port Opening 150 and into the 
Reagent Pouch 136. As shown, Port Opening 150 is externally covered with an External 
Septum 154, which may be, for example, a thin shield or membrane of the same plastic 
material used in Port Body 148 or any other suitable material, and which serves to 
protect Port Opening 150. The interior of Port Opening 150, in turn, is typically sealed 



49 



with an Internal Septum 156 which may be comprised, for example, of metallic foil or, 
preferably, polyethelene or polyethelene covered metallic foil, and which serves to 
additionally seal and protect Port Opening 150. Internal Septum 156 is also designed, as 
well understood in the relevant arts, to form around the tube, needle or other passage 
element terminating Calibration/Cleaning Sources 46 as the tube or needle or element ,s 
inserted, for example, by deformation of the material around the tube or needle, to seal 
the joint between the tube, needle or other passage element and Internal Septum 156. 
Internal Septum 156 thereby operates to prevent the loss of fluid from Reagent Pouch 
136 or the entry of contaminates into Reagent Pouch 136. 

0147 Lastly in this regard, it is illustrated in Fig. 9D that one or more Reagent Pouchs 
136 are mounted into a Reagent Pouch Housing 137 by means of their respective 
Engagement Rims 152 so that the tubes, needles or other passage elements terminating 
the corresponding Calibration/Cleaning Sources 46 may be inserted through their 
respective Port Opening 150s of their Pouch Ports 144. As also illustrated in Fig. 9D, 
each Reagent Pouch Housing 137 is provided with a Data Chip 158 mounted on the 
outer surface of the Reagent Pouch Housing 137 in an area, for example, adjacent to a 
Pouch Port 144 or in some other suitable location. In the presently preferred 
embodiment, Data Chip 1 58 is a "smartchip" that is used to store information regarding 
the contents of the Reagent Pouch Housing 137 to which it is affixed, such as an 
identification of the liquid or liquids stored in the Reagent Pouch 136 and its partrcular 
characteristics, such as the volume and concentration of the components of the hqmd or 
liquids the date of manufacture, a manufacturer's identification number, and so on. 
Each Data Chip 1 58 is readable by a suitable corresponding scanner or reader mounted 
in the Analysis Mechanism Chassis 54 in an area or location for holding a Reagent Pack 
,37 and in a position to be able to read the contents of the Data Chip 158 affixed to a 
Reagent Pack 137. There may therefore be a Data Chip 1 58 for and adjacent to each 
possible Reagent Pouch 136 location in the apparatus. 

0148 Referring now to the material comprising the walls of Reagent Pouch 136, u has 
been described previously that there are several major problems of the prior art 
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regarding the use of Reagent Pouchs 136. For example, in the present embedment the 
fluids contained in the Reagent Pouchs 136 may include tonometered fluids, such as 
calibrants, composed of an electrolyte solution of known concentrations of salts, and 
dissolved gases of carbon dioxide, oxygen and an inert gas of known concentrates. 
One problem is preventing the escape of gasses from a prepared calibration fluid or test 
reagent, or the entry of unwanted gases, particularly during storage or transports. 
Another is to avoid contact between the prepared calibration fluid or test reagent and 
certain of the materials commonly used to construct reagent pouches, such as the 
aluminum foils often used to prevent the escape of gases from the enclosed liqmds, as 
such contact frequently results in unwanted chemical reactions. Yet another problem * 
that it is often difficult to obtain the necessary seals between the aluminum or other 
metal foils and the layers of plastic materials commonly used to construct reagent 
pouchs, thus resulting in another source of gas leaks from and into the pouchs. 
0149 Accordingly, and according to the present invention as illustrated in F,g. 10, the 
walls or sides, of the reagent pouchs of the present invention are comprised of mulUple 

tight for even small gas molecules, thereby providing an effective barrier to prevent the 
escapeorintroductionofgasfromorintothereagentpouch^ndofbeingchem^ 

inert, thereby preventing or avoiding unwanted chemical reactions between the matenal 
of the reagent pouch and the fluids contained therein. 

0150 In a presently preferred embodunent of the Reagent Pouch 136 of the present 
in vent 1 onandasi.lustratedinFi,10,aPouchWa.ll62ofaReagentPouchl36 1 s 

comprised of three Layersl64 wherein Inner Layer 164a is comprised, for example, of 
polyethelene, Middle Layer 164b is comprised, for example, of a glass matenal, a 
material coated with silicon oxide, such as by a deposition, bonding or fusing process, 
or KEVLAR, and Outer Layerl64c is comprised, for example, of PET. The three layers 
are typically bonded together in the manner well understood in the art to effectwely 
formasingle layer material madeofthe three layers. It will be noted that, in addmonto 
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the other advantages described above, all of these materials are or may be transparent so 
that the contents of the Reagent Pouch 136 are viewable. 

0151 Further, it has been described that a further problem with reagent pouches of the 
prior art has not only been the loss of dissolved gases from the fluids contained therem, 
but the formation of microbubbles of the gases within the pouches by escape of the 
gases from solution in the fluid therein, particularly when the reagent pouches are 
subjected to reduced external atmospheric pressures during shipment, such as on an 
airplane. As well known, this type of loss may occur despite the use of foil barrier layers 
to prevent the actual loss of gases from the pouches and, while the gasses are not lost 
from the packs, the concentration of gases within the liquid contained therein changes 
and the value of the liquid as a calibration standard is thereby destroyed. 
0152 Finally, it has also been described that it is necessary, or at least strongly 
preferable, that no gases be trapped in a Reagent Pouch 136 when it is filled with a 
liquid as such gases often cause unwanted changes in the composition of the gases m the 
liquid over time. According to the present invention, therefore, and as illustrated m F,g. 
9A a Reagent Pouch 136 is filled to a Fill Level 168 that is higher than a Filhng Seal 
Line 170 when the Reagent Pouch 136 is first filled, and the Reagent Pouch 136 is then 
heat sealed along Filling Seal Line 170 by the application of heat and pressure along 
Filling Seal Line 170 in the manner well understood in the art. By overfilling the 
Reagent Pouch 136, therefore, and sealing the pack below the liquid level, therefore, all 
extraneous gases are excluded from the Reagent Pouch 136 by the liquid filling the 
pouch. 

0153 Finally, Fig. 1, provides a perspective view of an assembled modular automated 
diagnostic apparatus of the present invention. 

0154 This concludes a description of presently preferred embodiment of the present 
invention, and, while the invention has been particularly shown and described wuh 
reference to selected embodiments of the apparatus thereof, it will be also understood by 
those of ordinary skill in the art that various changes, variations and mod.ficat.ons m 
form details and implementation may be made therein without departing from the sp.nt 



52 



and scope of the invention as defined by the appended claims. Therefore, it is the object 
of the appended claims to cover all such variation and modifications of the invention as 
come within the true spirit and scope of the invention. 



